Abstract. The present study aimed to examine the separate and combined association of self-reported sleep duration and quality with the prevalence of metabolic syndrome (MetS) in adult Chinese males. A total of 4,144 subjects were enrolled in the present crossed-sectional study. All participants were subjected to anthropometric measurements, blood tests and a survey based on a standardized questionnaire. Multivariate logistic regression was used to assess the influence of sleep duration and quality on the prevalence of MetS. The group that had 7 h of sleep had the best results as compared with those with shorter or longer sleep durations, and the prevalence of MetS was the lowest in this group. In addition, poor vs. good sleep quality was associated with an increased risk of MetS. Further analysis suggested that sleep duration and quality had an additive effect on the prevalence of MetS. In conclusion, sleep duration as well as quality should be considered when exploring the potential association between sleep and other conditions.
Introduction
Metabolic syndrome (MetS) is a clinical syndrome characterized by several associated risk factors for cardiovascular diseases and diabetes, including obesity, hypertension, elevated blood glucose and dyslipidemia (1) . Epidemiological data suggest that in Chinese populations, the prevalence of MetS has exhibited a rapid increase in recent years (2) . Preventing MetS by controlling relevant risk factors is a crucial and urgent task for the National Health Commission of the People's Republic of China.
Sleep deficiency has become prevalent in modern society, and it has been proven that chronic sleep deprivation may interrupt numerous essential homeostatic mechanisms.
Various studies have demonstrated that short sleep duration is associated with the prevalence of various cardiovascular and metabolic diseases, including hypertension, coronary heart disease and diabetes (3) (4) (5) . However, as to the potential association of sleep duration and the prevalence of MetS, no consistent conclusion has been reached so far. Certain previous studies have reported a U-shaped association between sleep duration and MetS (6, 7) . However, this conflicted with other studies, which demonstrated that a short rather than long sleep duration was associated with a higher risk of MetS (3, 8) . In addition, certain studies indicated that individuals with long sleep duration were predisposed to MetS (9, 10) . To date, the potential association of sleep duration with the prevalence of MetS has remained to be clarified.
However, the evaluation of sleep has qualitative and quantitative aspects. Perhaps it is not comprehensive to measure sleep by sleep duration only. Recently, the role of sleep quality in the development of cardiometabolic diseases has raised concern among cardiologists (11) . Certain studies have demonstrated that poor sleep quality may contribute to the development of MetS (12, 13) . Furthermore, certain studies have attempted to explore the interactive effects of sleep duration and sleep quality on certain components of MetS, including abnormal glucose control and high blood pressure, and an additive effect of insufficient sleep duration and quality was identified (14, 15) . It is therefore necessary to elucidate the potential association of sleep duration with the prevalence of MetS while including the possible confounding effect of sleep quality.
The present cross-sectional survey aimed to explore the potential association of self-reported sleep duration and quality with the prevalence of MetS in adult Chinese males. In addition, the separate and combined effects of sleep duration and sleep quality on the prevalence of MetS were analyzed.
Materials and methods
Study design and population. This study was designed as a cross-sectional study. A total of 6,120 participants aged >18 years residing in the Fangezhuang, Tangshan, Lvjiatuo and Qianjiaying communities of Tangshan city located in North China were enrolled in the study between September 2013 and December 2013, and the data was collected and analyzed at Kailuan General Hospital (Tangshan, Hebei, China). Participants with obstructive sleep apnea syndrome (OSAS), restless legs syndrome (RLS) or snoring were excluded due to their complex mechanistic association with hypertension, which was difficult to measure and control. Most participants were employees of the Kailuan Group, a large-scale comprehensive enterprise that mainly manages coal products, where female employees make up a small proportion. Only 571 female participants were initially enrolled and the sample size was too small to be analyzed to accomplish the aim of the study; therefore, only the results of the association of sleep with MetS in male participants are included. All study protocols were approved by the Ethics Committee of Kailuan General Hospital [Tangshan, Hebei, China; approval reference no. 2013(5)] and written informed consent was obtained from all study participants.
Anthropometric measurements. Anthropometric measurements were performed on participants wearing light clothes but no shoes. The waist circumference was measured with participants standing up straight at the navel level as participants exhaled lightly. Body height was measured to the nearest 0.1 cm and weight was measured to the nearest 0.1 kg. Using a calibrated standard mercury sphygmomanometer (Yuyue Medical Equipment & Supply Co., Ltd.), blood pressure was measured twice in a sitting position and the mean reading was recorded. If the difference between two readings was >5 mmHg, a third reading was taken and the mean of the three readings was used.
Blood test. Participants were requested to fast overnight prior to the collection of a venous blood sample. Serum was prepared by centrifuging the blood at 500 x g for 10 min at 4˚C within 4 h of collection. Serum triglyceride, high-density lipoprotein cholesterol (HDL-C) and fasting blood glucose were measured using an automatic biochemical analyzer (Hitachi 717; Hitachi).
Questionnaire survey. All participants were subjected to a structured questionnaire including age, history of diagnosed hypertension and type 2 diabetes and/or receiving of hypertension and diabetes medication, smoking status, drinking status, educational level, physical activity, sleep duration and sleep quality. Details regarding the definition as well as the classification of certain items listed above were identical to those of a previous study by our group (14) . Sleep duration was evaluated based on self-reported average sleep duration in the past month, which precluded the time spent awake in bed. Sleep duration was categorized into 5 groups, '<6', '6', '7', '8' and '>8 h', as stated in the questionnaire. Sleep quality was assessed using the standard Pittsburgh Sleep Quality Index (PSQI; Table SI) (16) . The PSQI is a 19-item self-reporting measure of sleep quality over the past month and contains 7 component scales: Sleep quality, sleep latency, sleep duration, sleep efficiency, sleep disturbances, use of sleep medication and daytime dysfunction. The global PSQI score may vary within a range of 0-21. In the present study, sleep quality of participants was classified into four groups: 'Very good' (PSQI of <3), 'good' (PSQI of 3 to <6), 'poor' (PSQI of 6 to <9) and 'very poor' (PSQI ≥9). In addition, the General Anxiety Disorder-7 (GAD-7) and Patient Health Questionnaire-9 (PHQ-9) scales were used to evaluate the anxiety and depression status of participants, respectively. GAD-7 is a seven-question inventory for self-assessment and is one of the most common instruments for measuring severity of anxiety (17) . PHQ-9 is a widely used nine-question inventory for the self-assessment of depression (18) . (19) , MetS was diagnosed when any three or more of the following five risk factors were present: i) Abdominal obesity: Waist circumference ≥90 cm for males, ≥85 cm for females; ii) elevated blood glucose: Fasting blood glucose ≥6.l mmol/l or 2-h post-prandial plasma glucose ≥7.8 mmol/l and/or with diagnosed diabetes and current use of anti-diabetic therapy; iii) hypertension: Blood pressure ≥130/85 mmHg and/or with diagnosed hypertension and iv) fasting HDL-C<l.04 mmol/l.
Definition of MetS. According to the definition of MetS issued in the Dyslipidemia Prevention and Cure Guidelines of China in 2007

Statistical analysis.
In the present study, continuous variables were expressed as mean ± SE and compared using one-way analysis of variance followed by Dunnett's post-hoc test. Categorical variables were expressed as n (%) and compared using the χ 2 test. Cochran-Armitage tests were used to test the association between the prevalence of MetS and sleep duration/quality. The potential correlation between sleep duration and sleep quality with the prevalence of MetS was explored by logistic regression analysis with or without adjustment for plausible confounders, including age, smoking status, drinking status, physical activity, educational level, and anxiety and depression scores. Furthermore, to investigate the interactive association of sleep duration and sleep quality with the prevalence of MetS, participants were divided into groups according to different combinations of sleep duration and sleep quality. Odds ratios (ORs) and 95% CIs of each group were calculated using multiple logistic regression analysis, with the group with a sleep duration of 7 h and very good sleep quality used as the reference. For all comparisons, the level of statistical significance was set at P<0.05 (two-sided). SPSS 19.0 (IBM Corp.) was used for all statistical analyses.
Results
Basic characteristics. Of the 6,120 initially enrolled participants, 351 (5.7%) were diagnosed with OSAS, 43 (0.7%) with RLS, 1,011 (16.5%) reported snoring and the 571 females (9.3%) were excluded. The remaining 4,144 males were included into the final analysis. Participants with <6, 6, 7, 8 and >8 h of sleep accounted for 8.6% (n=356), 24.6% (n=1,021), 34.9% (n=1,446), 26.1% (n=1,082) and 5.8% (n=239) of the cohort, respectively. With regard to sleep quality, the participants with sleep quality rated as very good, good, poor and very poor accounted for 57.2% (n=2,369), 27.7% (n=1,146), 11.3% (n=468) and 4.6% (n=191) of the cohort, respectively (Tables I and II) .
Prevalence of MetS. The prevalence of MetS in participants with different sleep duration or quality is provided in Fig. 1 . The participants with a sleep duration of 7 h and sleep quality rated as very good had the lowest prevalence of MetS. Compared to participants with a sleep duration of 7 h, those with a shorter and longer sleep duration were indicated to have a higher prevalence of MetS, and a U-shaped association between sleep duration and the prevalence of MetS was observed. This trend was statistically significant (P<0.05). As for sleep quality, participants with poorer sleep quality were observed to have a higher prevalence of MetS as compared with those with very good sleep quality (P<0.05).
Association of sleep duration or sleep quality with the prevalence of MetS.
Multivariate logistic regression analysis was used to explore the potential association of sleep duration or sleep quality with the prevalence of MetS. After adjustment for age, smoking, drinking, exercise, education level, anxiety scores and depression scores, compared with participants with 7 h of sleep, the ORs and 95% Cis for MetS of those with <6, 6, 8 and >8 h of sleep were 1.57 (95% CI, 1.26-1.95), 1.26 (95% CI, 1.14-1.39), 1.21 (95% CI, 1.11-1.32) and 1.32 (95% CI, 1.06-1.65), respectively. Furthermore, compared with the group with very good sleep quality, the ORs and 95% CIs for MetS in patients with good, poor and very poor sleep quality were 1.12 (95% CI, 1.01-1.23), 1.20 (95% CI, 1.02-1.40) and 1.51 (95% CI, 1.21-1.88), respectively (Table III) .
Association of combined sleep duration and sleep quality with the prevalence of MetS. The association of the combined effects of sleep duration and quality on MetS was analyzed by univariate and multivariate logistic regression analysis (Table IV) . Compared with participants with 7 h sleep duration and very good sleep quality (used as the reference), those in all other groups were observed to have a higher prevalence of MetS after adjusting for potential confounding factors. 
Discussion
In the present study on adult Chinese males, a U-shaped association between sleep duration and the prevalence of MetS was observed and it was also noted that poor sleep quality was associated with a high prevalence of MetS. Furthermore, the combined effects of sleep duration and sleep quality on the prevalence of MetS in the study population were explored and the results indicated an additive effect of inadequate sleep duration and sleep quality on the prevalence of MetS.
A U-shaped association between sleep duration and MetS was observed in the present study. This result was consistent with those of previous studies (6, 7) . However, the studies of Wu et al (3) and Najafian et al (20) , which indicated that a short rather than long sleep duration increased the risk of Table I . Basic characteristics of adult Chinese male participants according to sleep duration. Values are expressed as mean ± standard error or n (%). WC, waist circumference; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; TG, serum triglyceride; HDL-C, high-density lipoprotein cholesterol; FBG, fasting blood glucose; GAD-7, General Anxiety Disorder-7; PHQ-9, Patient Health Questionnaire-9.
MetS, were not in accordance with the present results. Apart from differences in age, ethnicity and basic characteristics, negligence of the confounding effect of sleep quality is one of the important potential reasons for the conflicting results Values are expressed as mean ± standard error or n (%). WC, waist circumference; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; TG, serum triglyceride; HDL-C, high-density lipoprotein cholesterol; FBG, fasting blood glucose; GAD-7, General AnxietyDisorder-7; PHQ-9, Patient Health Questionnaire-9.
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mentioned above. Sleep has quantitative as well as qualitative aspects. Sleep duration is not the only criterion for determining the presence of sleep deficiency. Therefore, it may not be sufficient to evaluate sleep only based on sleep duration, which was performed in most previous studies on the potential association between sleep and the prevalence of MetS (3,6-10). Failure to assess sleep comprehensively may be the most important reason for the conflicting results among those previous studies. The present study indicated that poor sleep quality was associated with MetS, which was consistent with the results of previous studies (12, 13) . Kazman et al (21) also assessed the sleep quality by using the PSQI, but failed to observe an association between poor sleep quality and the prevalence of MetS among African Americans. Sociodemographic factors, health behaviors and socioeconomic status have already been proven to be linked to MetS and sleep (3, 10, 22, 23) . However, health-associated behaviors (e.g., smoking, drinking and exercise) and socioeconomic status were not considered and adjusted for in the study by Kazman et al (21) , which may explain the discrepancies between the previous study by Kazman et al and the present study. It has been reported that poor mental health status, including depression or anxiety, may increase the risk of MetS (24, 25) , and sleep disorders are also frequently concomitant in patients with depression and anxiety (26) . Therefore, whether poor mental and emotional health are independent risk factors of MetS or whether sleep disorders mediate the association of mental/emotional health with the development of MetS has not been confirmed. However, this was neglected in most previous studies. In the present study, the depression and anxiety status of all participants was evaluated by using the PHQ-9 and GAD-7 scales and adjustment for these parameters was included in the logistic regression analysis for the influence of sleep on MetS.
As mentioned above, it is preferable to consider and measure sleep duration as well as quality when exploring the potential association of sleep with MetS. To elucidate the exact effect of combined sleep duration and quality on MetS, the influence of different combinations of sleep duration and sleep quality on the prevalence of MetS was investigated in the present study. The results suggest that in spite of long sleep duration, such as 8 h or more, there was still a high prevalence of MetS in those participants with poor sleep quality, suggesting that sleep duration and sleep quality had a combined effect on the prevalence of MetS. Evaluation of sleep based on either sleep quality or quantity on its own may inevitably lead to bias of the results, which should be considered in future studies on the link between sleep and diseases.
The mechanisms underlying the association between sleep and MetS remain to be fully elucidated. It has been indicated that short sleep duration affects the levels of endocrine hormones, including leptin and ghrelin, finally resulting in increased appetite and obesity (27) . A recent study performed on Chinese children suggested a strong link between short sleep duration and adverse adipokine secretion patterns (28) . Lusardi et al (29) reported that sleep deprivation was associated with sympathetic hyperactivity and elevated blood pressure. Insulin resistance, which is a key factor in the development of MetS, was also suggested to be associated with short sleep duration (30) . Furthermore, long sleep duration was observed to increase the risk of MetS components. Long sleep duration may be associated with obesity due to a decline in activity levels and energy consumption (7) . It was also reported that people getting a sufficient sleep duration had lower levels of inflammation and oxidative stress and higher levels of anti-oxidants compared with short or long sleepers (31) . From the above, it is obvious that further studies are required to elucidate the potential link between sleep disorders and MetS. The present study has several limitations. First of all, it was difficult to assess the causal association between sleep status and the prevalence of MetS due to the cross-sectional design of the study. It is likely that sleep disorders are associated with an increased risk of MetS, considering the fact that certain cohort studies have confirmed that sleep disorders area major cause of hypertension and diabetes, which are components of MetS (5, 32) . Furthermore, self-reported sleep duration may not represent real sleep duration. However, Signal et al (33) indicated that self-reported sleep duration was close to the polysomnography result. In addition, the 2-h post-prandial blood glucose of the enrolled participants was not measured in the present study due to limited time and funding. This may have led to underestimation of the number of participants with impaired glucose metabolism, considering the fact that a sizeable proportion of the Chinese diabetic population presents with normal fasting blood glucose (34) .
Despite the limitations mentioned above, the present study indicated a U-shaped association between sleep duration and MetS and indicated that poor sleep quality was associated with an elevated prevalence of MetS in male Chinese adults. Furthermore, the study also revealed that inadequate sleep duration and sleep quality have an additive effect on the prevalence of MetS, which was the most important result. This indicated that sleep duration as well as quality should be measured to avoid a biased result when exploring the potential association of sleep with cardiometabolic diseases.
